Regulation of mitochondrial glutamine/glutamate metabolism by glutamate transport: studies with (15)N.
We focused on the role of plasma membrane glutamate uptake in modulating the intracellular glutaminase (GA) and glutamate dehydrogenase (GDH) flux and in determining the fate of the intracellular glutamate in the proximal tubule-like LLC-PK(1)-F(+) cell line. We used high-affinity glutamate transport inhibitors D-aspartate (D-Asp) and DL-threo-beta-hydroxyaspartate (THA) to block extracellular uptake and then used [(15)N]glutamate or [2-(15)N]glutamine to follow the metabolic fate and distribution of glutamine and glutamate. In monolayers incubated with [2-(15)N]glutamine (99 atom %excess), glutamine and glutamate equilibrated throughout the intra- and extracellular compartments. In the presence of 5 mM D-Asp and 0.5 mM THA, glutamine distribution remained unchanged, but the intracellular glutamate enrichment decreased by 33% (P < 0.05) as the extracellular enrichment increased by 39% (P < 0.005). With glutamate uptake blocked, intracellular glutamate concentration decreased by 37% (P < 0.0001), in contrast to intracellular glutamine concentration, which remained unchanged. Both glutamine disappearance from the media and the estimated intracellular GA flux increased with the fall in the intracellular glutamate concentration. The labeled glutamate and NH formed from [2-(15)N]glutamine and recovered in the media increased 12- and 3-fold, respectively, consistent with accelerated GA and GDH flux. However, labeled alanine formation was reduced by 37%, indicating inhibition of transamination. Although both D-Asp and THA alone accelerated the GA and GDH flux, only THA inhibited transamination. These results are consistent with glutamate transport both regulating and being regulated by glutamine and glutamate metabolism in epithelial cells.